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Abstract
Factors such as technological advancements, steadily decreasing costs, consumer demand, and state and federal policies are combining to make wind energy the world's fastest growing energy source. State and federal policies are facilitating the growth of the domestic, large-scale wind power market; however, small-scale wind projects (those with a capacity of less than 100 kilowatts [kW] ) still face challenges in many states. Net metering, also referred to as net billing, is one particular policy that states are implementing to encourage the use of small renewable energy systems. Net metering allows individual, grid-tied customers who generate electricity using a small renewable energy system to receive credit from their utility for any excess power they generate beyond what they consume. Under most state rules, residential, commercial, and industrial customers are eligible for net metering; however, some states restrict eligibility to particular customer classes.
Introduction
Thirty-six states 1 ( figure 1 ) have adopted some form of net metering law for small wind and/or photovoltaic technologies. These laws were adopted either as legislative statutes or as rules formed by the state public utility commission. The 10 states analyzed here include California, Idaho, Illinois, Iowa, Maine, Minnesota, Nevada, Oregon, Vermont and Washington (figure 2). Appendix A provides a summary of the net metering programs in these states. 1 New Mexico and Texas are included, although their net metering programs have been put on hold. Net metering programs and access to specific details about these programs vary considerably. It is difficult to compile data because many of the utilities that administer net metering programs consider information to be proprietary. Thus, the information collected for this analysis was greatly dependent upon the type of information the program administrator was willing or able to provide.
A major conclusion of this research is that net metering programs alone may not be sufficient to encourage customer participation. Combinations of net metering with either public education and outreach efforts or with other financial incentives-such as buy-down programs or low-interest loansmay encourage more customers to participate. Also, customers become more interested in net metering programs when they experience prolonged power outages. Enrollment in certain net metering programs increased in New England after ice storms in 1998 left people without power and in California after the rotating blackouts of 2001.
Methods
States selected for this analysis were chosen based on criteria the authors thought might influence customer enrollment in net metering programs. These criteria included:
• The length of time that the program has been in operation;
• The number of participating utilities;
• The capacity limit placed on the size of the renewable energy system; • The range of eligible customer classes;
• The limits placed on total customer enrollment either statewide or in a service area;
• The treatment of net excess generation; and • The existence not only of net metering, but also of other incentives within the state.
To gather the necessary data, contacts in each state were identified and then interviewed via telephone or e-mail. This was accomplished to the greatest degree possible, but with varying results. As mentioned earlier, much information about net metering is considered proprietary and interview results were greatly dependent upon what the regulatory agency or utility was willing and able to provide.
California
California has the largest number of net-metered customers for any of the states that were researched in this paper. They have had the earliest adoption of state incentives, of which the buy-down program started in 1998. California is a unique state in that the rules governing environmental regulations and the opportunities for renewable energy tend to be quite progressive. This is due to the number of incentives in place that support renewable energy and energy efficiency, combined with general support for environmental awareness.
A total of 1,416 net metered systems have been approved and 994 net metered systems are pending approval in the territories of Southern California Edison (SCE), San Diego Gas & Electric (SDG&E), and Pacific Gas & Electric (PG&E), which account for all net metered customers. The large number of participating systems demonstrates the success of California's net metering program, which began in 1995. According to Scott Tomashefsky of the California Energy Commission (CEC), most of these installations are solar.
Gathering information about California's net metering programs proved to be somewhat difficult.
Although the CEC and these three utilities collect the type of information requested (year projects put in place and technology being used), CEC, PG&E, and SCE reported that it is confidential. SDG&E was the only company willing to disseminate its net metering customer statistics on the type of technology being used and the year the system was put in place. PG&E's web site provides useful information about its net metering program, including the net metering process, a checklist for completing interconnection agreement, the interconnection agreement and application, and net metering tariff. SDG&E provides a packet of information upon request that includes details about its net metering and buy-down programs. The fact that this information is readily accessible and easy for consumers to understand may improve the chances of customer participation.
In searching for the information on the number of net metering customers using wind, we asked the CEC if it had this information. It did not, but it reported the total number of small turbines installed under its buy-down program (California financial incentive where the states pays 50 percent of the installed small turbine costs), as shown in figure 3. All these turbines installed under the buy-down also have net metering so we can determine that, at the minimum, 704 kW of wind net metering exists in California. The high number of net metering customers in California is due in part to the combination of financial incentives within the state. Clearly, there is an increase in the number of small turbine installations due to the combination of financial incentives, including the buy-down program, tax incentives, and net metering. Ore, who himself reviews up to seven new net metering applications each day, reports that this increase in enrollment for net metering is so great that both professional system installers and utility company employees who register new participants are overwhelmed.
Other factors that may have caused the recent interest in net metering in California include:
• The change in the net metering law to increase the system capacity limit to 1000 kW;
• The buy-down program offered by the State of California (see http://www.consumerenergycenter.org/buydown/program.html); and • The availability of information to the customer.
Minnesota
Minnesota's program began in 1983 with the net excess generation being purchased by the utility company at the average retail electricity rate. Currently, 232 kW of installed capacity is tied to wind net metering programs. Dan Juhl, a long-time wind advocate and wind businessman with DanMar & Associates, suggests that Minnesota's net metering program began so early as a result of environmentally conscious citizens and because the state is short on domestic energy sources such as coal and natural gas. Currently, the number of small wind installations in Minnesota is decreasing, while the number of small solar installations is increasing. Juhl suggests that this may be because most of the customers who originally installed small wind systems for net metering were farmers and ranchers who installed systems of a relatively large (>10 kW) capacity for the time. Now these same farmers and ranchers are installing larger turbines, which are not part of the Minnesota net metering rules, which have a 40 kW capacity limit.
Another possible explanation for the decreasing interest in small wind turbines is the popularity of large utility-scale wind turbines. Farmers and ranchers across the Midwest have shown interest recently in leasing their land to wind developers that pay royalties based on the electrical output of the large turbines they construct. These turbines can generate significant revenue, but they are too large to qualify for net metering due to the 40 kW capacity size limit. Minnesota is a national leader, with production capacity of more than 320 megawatts (MW) from these large turbines.
Mike Taylor, with the Minnesota Department of Commerce, suggests additional reasons for the decrease in the number of small wind installations tied to net metering. According to Taylor, many of the small wind turbines installed in the late 1980s were composed of used wind equipment. Many of these turbines are being retired from use because the maintenance costs have become too high. Taylor also reports that it can be frustrating for customers to work with a utility to set up a net metering project when net metering is not high on the utility's list of priorities. In addition, Taylor reports that the height of wind turbines can put them in violation of local, county zoning restrictions in both residential and rural areas. (Typically, small turbines require a special use permit or other zoning permits for towers that are taller than 35 feet. This height limit is an artifact from the early 1900s when tall towers could not be accessed by fire fighting 5 equipment.) Net metering customers who use photovoltaic systems in Minnesota do not appear to have such zoning problems. 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
Figure 5. Maine Net Metering
Even before the passage of Maine's net billing program in 1998, CMP customers had the option to participate in a similar program started in 1981. This earlier version of net billing was less cumbersome for the customer than the present net billing program because the contract was less complicated, there was less liability for the customer, and there was no net billing expiration date. When the new net billing law was passed, CMP found it was difficult to switch customers from the old program because the new net billing contract was more complicated and included an expiration date.
According to Gary Cole, although the net billing program change was accomplished, some customersmostly those with small hydropower systems-no longer qualified under the new program because they were generating electricity to sell to CMP but were not using any of it themselves. The switch from CMP's earlier program to the current net billing program may have caused a drop in customer participation for two reasons. One is that some customers did not fit the requirements of the new net billing program; and the second is that some customers found the new net billing contract too cumbersome.
The complexity of the new net billing program could explain the drop in participation rates between 1997 and 1998. The slight increase in participation after 1998, however, could possibly be the result of increased customer interest in self-generation after a large ice storm took out power lines. (The same storm also affected Vermont). The power outages caused by the storm could have influenced many people to purchase small wind or solar systems to use as a backup power source.
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Oregon
Although no small wind systems are currently net-metered in Oregon, the state is included here to further illustrate how customers' concerns about the reliability of the electric system can influence their participation in net metering programs. Figure 6 shows Oregon net metering, which has 20 solar installations and one micro hydropower installation. Interestingly, the data shows a dramatic upward trend in the number of solar installations, growing from just three installations in 1999 to 20 in 2001. One possible explanation for this is that customers in Oregon who were affected by the power shortage in California wish to generate their own power to protect themselves from future power shortages. Lani Pennington, of the PGE Tariff Administration with Portland General Electric (PGE), suggests that the lack of small wind installations in Oregon may be due to the weak wind resource in the Willamette Valley, where the majority of net metering customers are located. Bruce Barney, PGE's net metering coordinator, says he typically receives about two calls per week from people who are interested in net metering. Barney says that approximately one out of 10 people call again after receiving an information packet. He contributes this low ratio of callbacks to the cost of renewable energy systems. He agrees with Pennington that the generally poor wind resource in Oregon and the cost of capital investment in renewable energy systems may affect customers' decisions to invest in a small wind system.
Washington
Poor wind resources in much of Washington may explain the small number of net-metered wind installations there. Mike Nelson is with Western Sun Cooperative, a photovoltaics system purchasing cooperative. He estimates that about 10 percent of the land in Washington is suitable for small wind systems and believes that the lack of qualified turbine installers may be the reason for the low number of small wind net metered projects. Compared to small wind systems, photovoltaic systems are comparatively easy to install, and many licensed electricians are capable of installing photovoltaic systems. The ease of installation may be one reason for the disparity between the number of installed photovoltaic systems and wind systems (figure 7). The mission of this project is to shift the community's perception about using renewable power generation systems via education and outreach and to help site, finance, and install 1,000 solar rooftop projects by December 31, 2010. Participants must have existing utility service, the existing electrical system must pass inspection, and participants must be willing to sign the net metering agreement with Puget Sound Energy.
It is possible that the advocacy portion of the project has affected solar installations outside Whatcom and Skagit counties by creating an overall awareness of renewable energy in Washington. Orcas Power and Light Cooperative (OPALCO), the utility that serves several groups of islands off the northwest coast of Washington, also has experienced a recent increase in the number of installations. This increase may be due to island residents' concerns about reliability of service.
Vermont
Although the number of solar and wind system installations are increasing in Vermont (figure 8), interest in net metering remains comparatively low. There are two possible explanations for this. First, because the program is fairly new, many customers may not yet know of its existence. Second, the permitting process for small wind turbines can be cumbersome and expensive. David Grover, with the Vermont Department of Public Service (DPS), believes that the current lack of participation in net metering can be accredited to the fact that it is a new program. He also believes that an abundance of cheap oil and misconceptions about renewable energy also may explain why net metering has not been more successful in Vermont. The experience of Dave Blittersdorf, a small turbine owner in Vermont, illustrates how wind turbines can be subject to greater scrutiny than photovoltaic systems. Customers in Vermont who wish to participate in net metering must obtain a Certificate of Public Good (CPG) from the Public Service Board. This is the same permit required for siting a large, commercial power plant in the state, but solar installations are not required to get a CPG. According to Blittersdorf, the most difficult part of the permitting process (part of getting a CPG) for small wind turbines is the aesthetics review, a process that is not required for rooftop photovoltaic systems. Also, as part of the permitting process, neighbors are allowed to contest an installation. Blittersdorf's system was the first to be contested on the grounds of noise and visual impact. Blittersdorf hired a lawyer and, after 11 months, secured his certificate. He estimates that this permitting process cost Vermonters about $10,000 for the time the Department of Public Service spent on his case. In addition, he estimates his costs for time and legal expenses at nearly $9,500.
Highlights
In addition to the net metering programs investigated above, the net metering programs in, Idaho, Illinois, Iowa, Nevada and Texas were explored. However, information for these states was scarce.
• Idaho: According to the Idaho PUC, customers have expressed interest in an expanded net metering law that would include all customers of Idaho Power. At the request of the Idaho PUC, Idaho Power recently filed a revised net metering tariff to decrease the original capacity limit of 100 kW to 25 kW for residential and small commercial customers, and to add all other customer classes, such as irrigation customers and dairy farmers. This tariff is still undergoing review and
has not yet been passed. Currently, Idaho has only three net metering customers.
• Illinois: According to Denise Bechen, a manager with Commonwealth Edison, the utility offered a net metering program called The Wind and Photovoltaic Generation Pricing Experiment. This 10 five-year program allows customers to reduce their energy costs by net metering in addition to receiving an annual payment from the utility, depending on how much energy the system produces. Currently, the program has 20 participants, representing 57.06 kW of wind and solar generation as of December 31, 2001.
• Iowa: Only partial information on the number of customers participating in a net metering program was available (those from Alliant Energy; see figure 9 ). However, the chronicle of net metering in Iowa is interesting because MidAmerican, an Iowa utility, recently challenged the net metering law passed by the Iowa legislature in 1983, claiming it to be unconstitutional and in conflict with the Federal PURPA law. Settlement of this dispute resulted in the change of the capacity limit to 500 kW, applicable only to customers of MidAmerican. Due to this conflict with the Iowa Utilities Board, MidAmerican has not offered net metering to its customers since 1999, but net metering will be reinstated with the new tariff in late 2002.
• Nevada: Mark Harris, a resource planning engineer with the Nevada PUC, suggests that net metering became more popular in Nevada when the price for electricity began to increase; prices currently are at about 10 cents per kilowatt-hour. At the end of calendar year 2001, there were a total of 43.0 kW of installed wind and photovoltaics. All the net-metered systems had a photovoltaic component and, three of the systems had wind/photovoltaic hybrids. 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 • Texas: According to Russel Smith, executive director of Texas Renewable Energy Industries Association (TREIA), the Texas net metering program is no longer applicable because of restructuring. Some utilities claim that, because the section of the PUC rules applying to net metering was not changed, it does not apply to a regulated system. Investor-owned utilities have been broken up into generation companies, transmission and distribution companies, and retail electric providers and no longer are regulated by the PUC rules that existed before restructuring. Thus, it is arguable that the rule no longer applies. TREIA is hoping to change the net metering law through PUC channels by the end of this year to make it applicable. Some utilitiesincluding Austin Electric, San Antonio's City Public Service, and Kerrville Electric-continue to honor previous net metering agreements and allow new net metering customers.
Conclusion
For eight of the states surveyed, a total of 1,363 kW of installed small grid-connected wind existed at the end of 2001as shown in figure 10 . Although it is difficult to show specific cause and effect for the data presented, some conclusions can be drawn. The first is that net metering programs alone seem to offer minimal incentive for consumers, particularly in light of difficulties with county zoning officials and cumbersome interconnection agreements.
Another conclusion is that when consumers are concerned about utility service reliability issues due to storms (like the New England ice storm in 1998), brown outs (like those experienced in California in the summer of 2001), or higher electricity rates, there is an increase in net metering customers. This is particularly true for states and counties where helpful financial incentives exist for home-based renewable energy projects.
It also appears that when there are multiple incentives for net-metered systems in addition to education and outreach programs (such as the Million Solar Roofs Program), the number of net-metered installations increases. This suggests that education and outreach programs can influence the number of net-metered customers.
In general, fear-more than economics-may motivate consumers to seek out and utilize home-based renewable energy systems.
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